The objective of this study was to assess the spatial and temporal distribution of nitrogen and sulfur deposition and its relationship with meteorological conditions in the metropolitan area of León in Guanajuato, México. N and S atmospheric deposition was collected using passive samplers (IER) in 10 sites in León City during three climatic seasons in 2018. Nitrate, ammonium, and sulfate concentrations and deposition fluxes of N and S were determined. From wind and air-mass trajectories analysis, mechanisms and possible sources contributing to N and S deposition in the study area were assessed. Atmospheric deposition fluxes were compared to critical load values reported for sensitive ecosystems in Europe. It was found that mean deposition flux for N (5.82 Kg N ha −1 year −1 ) was within the range of values reported for sensitive ecosystems in Nuevo México, Europe, and California. On the other hand, the mean deposition flux for S (13.77 S Kg ha −1 year −1 ) exceeded the critical load values proposed for Europe, suggesting that current S deposition could be a risk for ecosystems and water bodies in the region.
Introduction
Air pollution constitutes an important health risk not only for developed countries but also for developing countries. SO 2 and NO 2 are among primary pollutants commonly present in urban and industrial areas, whose main sources are combustion processes, and being both, acid rain precursors. The two main mechanisms responsible for pollutant removal in the atmosphere are dry and wet deposition. Gases and particulate matter are deposited in dry form, while completely soluble components are deposited by the rain action (wet deposition). Dry deposition of gases and particles occurs through complex processes such as sedimentation, impactation, and adsorption and can contribute in a significant way to local deposition of atmospheric components, being particularly important near urban and industrial areas, where particle concentration and dust can be relatively high [1] . On the other hand, wet deposition occurs as rain, fog or snow and plays an important role in the removal processes of soluble wastes in the atmosphere [2] . Some of components of atmospheric deposit (as nitrate and sulfate) are precursors of acidification, being able to harm the aquatic and terrestrial ecosystems not only in the surroundings of sources but also in nearby regions.
Thus, it is necessary to measure the total atmospheric deposition of N and S, to estimate the inflows and outflows, their effects on the balance of biogeochemical cycles, and to assess the biologic and ecologic response to the current atmospheric pollution levels and their relationship with emission patterns. Since the effective design of public politics requires of surveillance and monitoring programs to understand and to quantify the current conditions, by comparison with historical data and reference values, measurement chemical composition, and physical characteristics are required. This will allow to propose environmental politics focused to protect not only public health but also ecosystems and diagnose the real effects of N and S deposition as a result of the current emission patterns [3] . Deposition maps are very useful tools to carry out this kind of assessments, since they allow to analyze the spatial distribution and temporal variability of N and S deposition in a given area; likewise, they allow to visualize those areas in which exceedances to threshold values of critical loads are occurring. In this way, the decision makers can implement control strategies of regionalized emissions to protect different receptors. Several exceedance ranges can be established and be related to sensitivity categories, from which, it is possible to diagnose in a preliminary way, the vulnerability of ecosystems to the inputs of N and S. However, the main problem during this process is to have enough and reliable data of N and S deposition fluxes.
Dry deposition fluxes for ecosystems are obtained from theoretical models, due in part to the lack of monitoring standardized methods. On the other hand, in the case of wet deposition, the estimation depends on the occurrence of rain events, resulting in the case of arid or semiarid regions in insufficient data to study the spatial and temporal variability at long-term. In addition, atmospheric sampling devices for atmospheric deposition comprise manual and automatic collectors. Although the first choice in more economical, it is hard to implement in field in the case of remote sites, while in the case of automatic collectors, these are expensive and must meet specific criteria for installation and operation. Fenn and Bytnerowicz [4] proposed a collector based on ionic exchange resin (IER) to quantify atmospheric deposition in forests. In this regard, comparison between conventional collectors and passive sampling devices of atmospheric deposition have been carried out [5, 6] , concluding that passive collectors can be used to quantify total sulfur deposition and report a strong correlation between N Deposition and the presence of nitrate in soils. From combined use of mapping and measurement of N and S deposition fluxes, it is possible to study the spatial and temporal variability of deposition. Therefore, this study was aimed to estimate N and S atmospheric deposition fluxes using passive collectors to assess their spatial distribution and temporal variability in Central Region of México known as "Bajío." DOI: http://dx.doi.org/10.5772/intechopen.90878
Materials and methods

Study area
Study area is located in Central México within an area known as "Bajío," in metropolitan area of León, in Guanajuato. León City is the most populated in Guanajuato state with a population of 1,578,626 inhabitants [7] . Climate is semi-dry semi-warm [8] .
The main economic activities in this region are shoe manufacturing, tanned skin, cardboard production, and chemical industry; however, economical activities are not only based on these sectors, but also building, plastics, mining, manufacturing, textile, and automotive industries. There were selected a total of 10 sampling sites considering in first place the site accessibility and the land use; as well as safety of sampling devices, preferring public buildings to safely house the equipment. In Figure 1 , study area and sampling site location are shown.
Sampling
Since passive sampling is defined as hydrologic flux to soil of ions and other compounds in solution, passive sampling provides a useful estimation of atmospheric inputs to a given site, because of it includes both, wet and dry deposition. Considering the high cost and the difficulty of measuring dry deposition fluxes, passive collectors constitute a useful alternative to measure annual atmospheric inputs at ground level [4, 9] . Additionally, automatic collectors are very expensive, for this reason, passive collectors constitute a good sampling choice in a given area, since they allow to increase the number of sampling sites at a low cost and take samples simultaneously in different locations in a specific region.
Therefore, it is possible to obtain complex spatial patterns of N and S atmospheric deposition in a given area by using monitoring equipment of low cost, easy to operate, and that does not require frequent field visits. Collectors based on IER beds have been used to measure atmospheric deposition in forest ecosystems with a high spatial resolution [10] .
This type of passive collectors consists in a funnel connected to a column which contains 30 g of ionic exchange resin (IER) [11] . Glass wool is placed in both, bottom (as a support) and top (as a filter) sections. Samples are collected through the funnel, and hydrologic flux is channeled to resin mixed bed through the column where ions are retained. The funnel is connected to IER column by a PVC tube (1.27 cm × 35.6 cm), in addition, a double-wall shadow tube is placed around resin column to avoid that solar radiation damage the resin. Resin used for IER collectors was a mixed bed of polystyrene to exchange both, anions and cations (Amberlite IRN-150™). In the top of sampling devices, a fine mesh is placed to avoid the input of insects, leaves, and so on. The PVC column has a valve which must be open all time to let the pass of hydrologic flux through the collector.
The main advantage of this kind of collector is that can be used during long exposition periods (i.e., months), the equipment has a low cost, and let to display a great number of them to characterize deposition spatial patterns with a high resolution [12] .
Sampling was carried out from January 1 to December 31 of 2018, with three sampling sub-periods considering three climatic seasons: cold dry, warm dry, and rains. At the end of each sampling sub-period, resin tubes were changed by tubes containing fresh resin. Later, retained ions (sulfate, nitrate, and ammonium) were extracted from resin tube by using an extraction solution (KCL 2N solution) and analyzed by turbidimetric and colorimetric methods, respectively.
Chemical analysis
Atmospheric deposition samples were sent and analyzed in Environmental Protection Laboratory of Chemistry Faculty of Autonomous University of Carmen. NH 4 + was determined by molecular absorption spectrometry by using blue indophenol method [13] . SO 4 2− was determined by turbidimetric method [14] , whereas NO 3 − was analyzed by colorimetric method using the brucine method [15] .
Meteorological analysis
To identify possible natural and anthropogenic sources and to analyze transport processes which could influence on N and S levels in atmospheric deposition in the study area, a meteorological analysis was carried out at both, surface and altitude. For this, surface meteorological data were obtained from meteorological portable stations (Davies Vantage Pro II). Later, to carry out surface meteorological analysis, wind rose graphs were obtained by using WRPLOT View™ (Lakes Environmental), to identify prevailing wind direction in the study area.
For the altitude meteorological analysis, backward air-masses trajectories for 24 h were obtained from HYSPLIT model (Hybrid Single-Particle Lagrangian Integrated Trajectory) from NOAA (National Oceanic and Atmospheric Administration of United States) to identify the origin of air masses and to identify the main transport processes contributing to N and S deposition during the study period.
Statistical analysis
To obtain descriptive measurements, to analyze the morphology and symmetry of data, univariate, bivariate, and multivariate analysis was carried out by using XLSTAT 20016 program. Likewise, non-parametric tests (Friedman test) were applied to establish if, there were significant differences between treatments (sites and sampling seasons) [16] . DOI: http://dx.doi.org/10.5772/intechopen.90878
Kriging interpolation and mapping deposition fluxes
To obtain deposition maps in the study area, a geo-statistical procedure was applied to interpolate field measurements (kriging interpolation) and to obtain a continuous spatial pattern for the variables (concentration iso-lines) to increase the number of points in the maps.
Results and discussion
Sulfate
Seasonal variability
To assess the seasonal variability, deposition fluxes were analyzed for three climatic periods: cold dry, warm dry, and rainy. During the cold dry season, a mean flux of 10.89 Kg Ha −1 year −1 , with a maximum of 17.14 Kg Ha −1 year −1 in site VI, which corresponds to Zoológico, located at NE, whereas the minimum value of 6.58 Kg Ha −1 year −1 was obtained for site VII that corresponds to Universidad de León (Figure 2) .
On the other hand, the mean value obtained during warm dry season was 13.98 Kg Ha −1 year −1 , with a maximum value of 25.82 Kg Ha −1 year −1 in site IV (Instituto Tecnológico de León), located at SE, whereas the minimum value (1.81 Kg Ha −1 year −1 ) was found in site III, which corresponds to monitoring station IMSS T-21, located at downtown of the city (Figure 2) .
Finally, during rainy season, the mean value obtained was 15.52 Kg Ha −1 year −1 with a maximum of 18.43 Kg Ha −1 year −1 in sites III and VI, located at NE and at downtown of the city, whereas the minimum value (11.77 Kg Ha −1 year −1 ) was obtained for site I (monitoring station CICEG-Bomberos) (Figure 2) .
From Figure 2 , it can be observed that mean deposition fluxes for sulfate were relatively higher during the rainy season and lower during cold dry season. With respect to extreme values, the highest values were observed during warm dry season, suggesting that the lack of dilution during this season could result in higher values in the region. Applying the Friedman tests, significant differences in sulfate atmospheric deposition fluxes were found between seasons.
Spatial variability
To assess the spatial distribution, sulfate atmospheric deposition fluxes were analyzed by site. A mean value of 13.78 Kg Ha −1 year −1 was found, with a maximum value of 25.82 Kg Ha −1 year −1 . From Figure 3 , it can be observed that the highest mean value was found in site IV (Instituto Tecnológico de León) located at SE, whereas the minimum value (1.81 Kg Ha −1 year −1 ) was registered for site III, where monitoring station IMSS-T21 is located just at downtown of the city. Considering extreme values, the higher fluxes were found for site IV; however, when Friedman test was applied, significant differences were not found. It suggests a certain homogeneity in sulfate deposition levels in the study region, which confirms the regional character of sulfate precursor (SO 2 ).
Analysis by land use
To assess the variability of sulfate atmospheric deposition fluxes by land use, sampling sites were grouped according to the prevailing land use as follows:
Industrial land use: Sites I, II, III, IV, V. Urban land use: Sites VI, VII, VIII, IX, X. According to Figure 4 , it can be observed that mean sulfate deposition fluxes were slightly higher in sites with an urban land use; however, sites with an industrial land use showed extreme values. When Friedman tests was applied, significant differences between land use were not found. It demonstrates a spatial homogeneity that suggests the regional origin of sulfate as a result of long-range transport mainly during the rainy season. Mapping and Estimation of Nitrogen and Sulfur Atmospheric Deposition Fluxes… DOI: http://dx.doi.org /10.5772/intechopen.90878 In the case of sites grouped with an urban land use, the mean value found was 14.05 Kg Ha −1 year −1 , with a maximum and minimum values of 20.70 and 6.58 Kg Ha −1 year −1 , respectively, observed in sites VI (Zoológico at NE) and site VII (Universidad de León) (Figure 4) .
On the other hand, in the case of sites grouped with an industrial land use, the mean value found was 13.51 Kg Ha −1 year −1 , with a maximum value of 25.82 Kg Ha −1 year −1 . Considering extreme values, the highest values were found in site IV (Instituto Tecnológico de León at SE), whereas the lowest value (1.81 Kg Ha −1 year −1 ) was registered in site III (monitoring station IMSS-T21 at downtown of the city).
Nitrate
Seasonal variability
From Figure 5 , it can be observed that the higher nitrate deposition fluxes were obtained during cold dry season, with a mean value of 2.93 Kg Ha −1 year −1 and a maximum value of 3.93 Kg Ha −1 year −1 , which corresponds to site X (Loma Blanca, at SW). On the other hand, the mean value obtained for warm dry season was 0.78 Kg Ha −1 year −1 with a maximum of 1.47 Kg Ha −1 year −1 in site X (Loma Blanca at SW). Finally, during the rainy season, a mean value of 1.13 Kg Ha −1 year −1 with a maximum value of 2.84 Kg Ha −1 year −1 in site X (Loma Blanca at SW) and a minimum value of 0.22 Kg Ha −1 year −1 in site V (Instituto de la Mujer at SE) were found (Figure 5) .
Applying Friedman tests, significant differences were found between cold dry season and the other two sampling seasons.
Spatial variability
From the analysis by sampling site, a mean nitrate atmospheric deposition flux of 1.61 Kg Ha −1 year −1 with a maximum value of 3.93 Kg Ha −1 year −1 was found. The highest value was observed in site X (Loma Blanca at SW) (Figure 6 ). However, when Friedman test was applied, differences found were not statistically significant, suggesting a certain uniformity in the distribution of sources (especially mobile sources) and nitrate levels around study area.
Analysis by land use
To assess the variability of nitrate atmospheric deposition fluxes by land use, sampling sites were grouped according to the prevailing land use as follows: Mapping and Estimation of Nitrogen and Sulfur Atmospheric Deposition Fluxes… DOI: http://dx.doi.org /10.5772/intechopen.90878 Industrial land use: Sites I, II, III, IV, V. Urban land use: Sites VI, VII, VIII, IX, X. In the case of sites grouped with an urban land use, it was obtained a mean value of 1.62 Kg Ha −1 year −1 with a maximum of 3.93 Kg Ha −1 year −1 . Regarding extreme values, the highest nitrate deposition fluxes were found in site X (Figure 7) . On the other hand, in the case of sites grouped with an industrial land use, the mean value obtained was 1.50 Kg Ha −1 year −1 , with a maximum of 3.26 Kg Ha −1 year −1 . The highest flux was registered in site I, corresponding to monitoring station located at CICEG Bomberos (Figure 7) .
According to Figure 7 , it can be observed that nitrate deposition was slightly higher in sites with an urban land use; this agrees with the origin of nitrate, whose main source is mobile sources, which are uniformly distributed along metropolitan area of León. This hypothesis was confirmed by applying Friedman tests which demonstrated that there were not significant differences between sampling sites or land use.
Ammonium
Seasonal variability
From Figure 8 , it can be observed that the mean ammonium deposition flux was higher during the cold dry season. During the cold dry season, the mean value obtained was 11.29 Kg Ha −1 year −1 with a maximum value of 15.78 Kg Ha −1 year −1 which corresponds to sites I and IV (CICEG Bomberos and Instituto Tecnológico de León, located at SE). On the other hand, during the other two seasons, nitrate deposition fluxes were significantly lower. The mean value obtained during warm dry season was 1.08 Kg Ha −1 year −1 with a maximum of 6.07 Kg Ha −1 year −1 in site VI (Zoológico located at NE), whereas the mean value registered for rainy season was 0.25 Kg Ha −1 year −1 with a maximum value of 1.06 Kg Ha −1 year −1 in site III (IMSS-T21, at the downtown of the city) (Figure 8) .
The marked seasonality found in ammonium levels suggests two important aspects: first, the dilution effect is important since ammonium levels during the rainy season were considerably lower as a result of frequent and intense rains occurring during this season in comparison with the other two seasons of the year. Second, the temporality of sources could be important, since the use of agrochemicals can be intensive during the cold dry season, resulting in levels considerably high during this season. This was demonstrated applying Friedman test, whose results confirmed that differences between seasons were significant.
Spatial variability
To assess the spatial variability and their distribution, ammonium deposition fluxes were analyzed by sampling site, finding a mean value of 4.29 Kg Ha −1 year −1 , with the highest value registered in site X (Loma Blanca at SW) (Figure 9) . However, applying Friedman test, it was concluded that there were not significant differences between sampling sites. It suggests that the differences found could be attributed only to sampling season as a result of agricultural activities and the effect of atmospheric dilution.
Analysis by land use
To assess the variability of ammonium atmospheric deposition fluxes by land use, sampling sites were grouped according to the prevailing land use as follows:
Industrial land use: Sites I, II, III, IV, V. Urban land use: Sites VI, VII, VIII, IX, X.
In the case of sites grouped with an urban land use, the mean value obtained was 3.97 Kg Ha −1 year −1 , with a maximum of 14.04 Kg Ha −1 year −1 . Regarding extreme values, the highest values were found in site VI (Zoológico at NE), whereas in the case of sites grouped with an industrial land use, the mean value obtained was 4.45 Kg Ha −1 year −1 , with a maximum of 15.78 Kg Ha −1 year −1 . The highest mean value was registered in site IV (Instituto Tecnológico de León at SE) (Figure 10) . From Figure 10 , it can be observed that the mean ammonium deposition flux did not Mapping and Estimation of Nitrogen and Sulfur Atmospheric Deposition Fluxes… DOI: http://dx.doi.org /10.5772/intechopen.90878 show any variability or trend with respect to land use; however, the extreme values were higher in those sites with an industrial land use; however, when Friedman test was applied, any significant difference was found. 
Meteorological analysis
To carry out the meteorological analysis at regional level, 24-h backward air-masses trajectories at 500, 1000, and 1500 m of altitude were obtained (a total of 85 trajectories) from HYSPLIT Model (National Oceanic and Atmospheric Administration), and choosing as representative site to CICEG-BOMBEROS, located at SE of the metropolitan area. In addition, meteorological surface data were obtained from SINAICA (National System of Air Quality Information) to estimate wind roses to identify the prevailing wind direction during the study period.
From surface analysis, it could be observed that wind direction showed a great variability between climatic seasons, for example, the prevailing wind direction during cold dry season was from SW (Figure 11a) , during warm dry season was from NE (Figure 11b) , and during rainy season was from E-NE (Figure 11c ).
Mapping and reference values
Mapping
NH 4 +
In Figure 12 , it can be observed that during warm dry and rainy seasons, the lowest ammonium deposition fluxes were registered, unlike cold dry season, when the highest levels were observed. During all study period, the highest ammonium DOI: http://dx.doi.org /10.5772/intechopen.90878 atmospheric deposition fluxes were found at the southeast of the city (CICEG-Bomberos and Instituto Tecnológico de León, both with an industrial land use). It is worth mentioning that both sites are influenced by the emissions released by a great vehicular fleet that circulates daily on the streets, especially near monitoring station CICEG-Bomberos which is located on the main route of entry to the city from Guanajuato and Silao.
NO 3 −
In the case of nitrate, from Figure 13 , it can be observed that the highest nitrate deposition fluxes were found during the cold dry season. Regarding seasonal patterns, it can be observed that the highest nitrate deposition fluxes were registered at de Southwest of the city, specifically in site X, which corresponds to site of Loma Blanca. This zone has an urban land use with the highest altitude in the city (elevation of 1874 m), in which, there are many commercial areas and avenues with high vehicular traffic such as Miguel de Cervantes Av., Miguel Torres Landa Oriente Blvd. and Mariano Escobedo Oriente Blvd.
Since nitrate deposition fluxes were higher during the cold dry season, it suggests the origin of nitrate and its precursor in local sources. In addition, wind velocities are lower during the cold dry season in comparison with the other two seasons; therefore, there is a minor dispersion of pollutants in the region. Another important factor is the lack of rain, contributing to a minor dilution or washing of the atmosphere. Levels found were homogeneously distributed as a result of local sources, and it agrees with residence time in the atmosphere of NO 2 .
SO 4 2−
In the case of SO 4 2− , its deposition fluxes were uniformly distributed in the metropolitan area of León (Figure 14a-c) . In all seasons, the highest levels were found at NE (Site VI: Zoológico) and at SE (Sites I and IV corresponding to CICEG Bomberos and Instituto Tecnológico de León), all of them, with an industrial land use. On the other hand, the lowest sulfate deposition fluxes were found at North of the city.
The highest value for sulfate atmospheric deposition flux was found during the rainy season; however, this difference was not statistically significant in comparison with the other two seasons. Some hot spots were identified: at NE (Site VI), at SE (sites I and IV), and at SW (Site X).
Reference values
It has been proposed a critical load value of 5 Kg N ha −1 year −1 for alpine ecosystems, which are more sensitive than ecosystems in lowlands [17] , whereas in Nuevo México and California, a critical load value of 3-8 and 4-7 Kg N ha −1 year −1 , respectively, has been proposed [18] . Regarding to Mexico, reference values DOI: http://dx.doi.org /10.5772/intechopen.90878 to compare N and S atmospheric deposition fluxes are not available. On the other hand, for S, it has been proposed a critical load value of 3 Kg S ha −1 year −1 for sensitive areas in Europe, whereas for natural forests, values between 2 and 5 Kg S ha −1 year −1 have been proposed [18] .
In this study, mean deposition fluxes for N (as N-NH 4 + + N-NO 3 − ) and S (as SO 4 2− ) in metropolitan area of León were 5.82 N and 13.77 Kg S ha −1 year −1 , respectively. In the case of N, exceeds the value reported for alpine ecosystems, but is near the reference values for Nuevo México and California. N deposition levels found in metropolitan area of León were twice as that reported by Cerón et al. [19] in Carmen Island, Campeche (2.15 N Kg ha −1 year −1 ); by Cerón et al. [20] in Orizaba Valley, Veracruz (1.44 N Kg ha −1 year −1 ); and by López [21] in Mérida, Yucatán (2.7 N Kg ha −1 year −1 ); also exceeding those values reported by Cerón et al. [22] in metropolitan area of Monterrey (4.88 N Kg ha −1 year −1 ) and five times as that reported by Cerón et al. [23] in Atasta-Xicalango, Campeche (1.15 Kg ha −1 year −1 ).
With respect to S, deposition fluxes exceeded almost 4.5 times the critical load value proposed for sensitive areas in Europe, whereas for natural forests, reference value was exceeded almost three times those values reported by Cerón et al. [19] in Carmen Island, Campeche (4.7 S Kg ha −1 year −1 ) and by López [21] in Mérida, Yucatán (4.07 S Kg ha −1 year −1 ), and twice the value reported by Cerón et al. [23] in Atasta-Xicalango, Campeche (8.57 S Kg ha −1 year −1 ). However, values reported by Cerón et al. [20] in Orizaba Valley (55.16 S Kg ha −1 year − 1) and by Cerón et al. [22] in metropolitan area of Monterrey (25.03 Kg ha −1 year −1 ) were not exceeded. Therefore, it can be inferred that, N and S atmospheric deposition fluxes constitute a potential risk of acidification for ecosystems in the region. 
Conclusions
In general, a strong seasonality in both, N and S atmospheric deposition fluxes was observed. Regarding to spatial variability, it was found that, in each climatic season, fluxes stayed homogeneous and uniformly distributed as a result of meteorological conditions prevailing in each season, having a regional origin during the rainy season and a local origin during the rest of the year. NH 4 + and NO 3 − showed a similar spatial and temporal pattern in their deposition fluxes. According to the analysis by season, the highest N deposition flux was found during the cold dry season, followed by warm dry season and rainy season, respectively. It could be explained due to the occurrence of a minor dispersion of pollutants resulting from lower wind velocities, and the frequent occurrence of thermal inversions during the cold dry season. On the other hand, dilution phenomena could play an important role during the rainy season, resulting in lower fluxes during this season. From spatial analysis of N deposition fluxes, it can be concluded that the site with the highest N deposition was Loma Blanca (Site X). In general, all sites where the highest N deposition fluxes were found are urban sites located in the suburbs of the city, with high vehicular traffic, where some agricultural sites are located. It suggests that the main sources of NO 3 − are vehicular emissions, whereas the main source of NH 4 + is the intensive use of fertilizers in these agricultural zones. However, since significant differences were not found between sampling sites by land use, it can be concluded that fluxes could be uniformly distributed, confirming their local origin. It agrees with the residence time of NO 2 in the atmosphere of 1 day, time in which, it is deposited as NO 3 − or NH 4 + at ground level, being their concentrations higher in the surroundings of the emission point. Since in León city, there was not a territorial ecological order in the past, the city growth and development along the years was not planned, resulting in the coexistence of different type of land use in a given zone.
On the other hand, S deposition fluxes showed a different pattern, suggesting their regional origin. From seasonal analysis, it was found that the highest atmospheric deposition flux occurred during the rainy season, followed by warm dry and cold dry seasons. It agrees with the regional character of SO 2 (sulfate precursor) which has a residence time in the atmosphere of 1-5 days [24, 25] , being able to transport long distances before to be deposited finally at ground level. From air masses trajectories analysis, it could be concluded that, during the rainy season, this pollutant is long-range transported from the South of United States and from the North of Gulf of Mexico, explaining in this way, why during this season, a relative sulfate enrichment is observed in comparison with the other two seasons.
From analysis by sampling site, the site with the highest S atmospheric deposition flux was Instituto Tecnológico de León followed by Zoológico (sites IV and VI), these sites have an industrial and urban land use, suggesting that both vehicular and industrial emissions could contribute to background sulfate levels, which in turn were temporarily increased during the rainy season due to the long-range transport of air masses from distant sources (South of United States and North of Gulf of Mexico).
